II. Magneto-absorption measurements
IV. Spectral correction for the E22 transition of the (6,4) sample For the (6,4) sample, the (6,5) SWNTs exist as a minor species. In the E22 transition, the (6,5) species have an absorption peak lying on the short wavelength tail of the major (6,4) peak. To get rid of the disturbance from the minor (6,5) species, signal from the (6,5) tubes was subtracted from the original spectra. By means of fitting using the Voigt function, the absorption intensity of the (6,5) peak was estimated to be ~ 15% of that from the main ( In high magnetic fields, signal from the minor (6,5) species can also be removed with high accuracy, as we measured the extremely pure (6,5) sample at first and already know how the (6,5) peak evolves in high fields (for details, see Phys. Rev. B 87, 241406(R) (2013)). The spectra before and after removing the (6,5) contribution are shown in FIG. S7 and FIG. S8, respectively, for the purpose of a direct comparison.
FIG. S7
. High-field magneto-absorption spectra for the E 22 transition of the (6,4) sample before correction. The absorption peak from the E 22 transition of the minor (6,5) species was represented by the green dash-dotted curve in each magnetic field. 6 FIG. S8. High-field magneto-absorption spectra for the E 22 transition of the (6,4) sample after correction.
Contribution from the minor (6,5) species has been subtracted.
V. Assignment of the peaks to bright and dark excitons
Because of the AB effect, the dark exciton is brightened in high magnetic fields. To know the relative energy positions of the bright and dark excitons, we need to assign the split peaks to either bright or dark excitons correctly.
From the spectral evolutions, as the dark exciton becomes optically bright gradually in high magnetic fields, what one will observe is that a new peak will emerge on the spectrum.
As an example, we simulate the peak evolutions for two cases: one for the bright exciton lying on the higher energy side and the other for the dark exciton having higher energy, as shown in FIG. S9 . In FIG. S9(a) , the peak on the long wavelength side becomes stronger and stronger with the magnetic field and finally its intensity becomes comparable to the other peak. Keeping in mind that the dark exciton becomes bright gradually in high magnetic fields, one could know that the peak on the long wavelength side corresponds to the initially dark exciton, and it shifts to longer wavelength direction as magnetic field 7 becomes higher. Using the same method, one could know that the new peak (and thus the dark exciton) lies on the short wavelength side in FIG. S9(b) .
FIG. S9
. Simulated spectra showing the emergence of a new peak which is due to the brightening of the dark exciton. (a) the bright exciton is higher in energy than the dark exciton; (b) the bright exciton is lower than the dark exciton.
VI. Voigt fitting of the magneto-absorption spectra
To discuss the evolutions of the bright and dark excitonic components in high magnetic fields quantitatively, we fitted our magneto-absorption spectra with two Voigt wave-forms. The Voigt fittings reproduce the magneto-absorption spectra very well for both E 11 and E 22 transitions. Typical fitting results for the (6,4) SWNTs are shown in Fig. S10 
